Analysis of transient absorption data from reaction centers of purple bacteria by Finkele, Ulrich et al.
M.-E.Michel-Beyerle (Editor) 
Reaction Centers 
of Photosynthetic 
Bacteria 
Feldafing-II-Meeting 
With 165 F igures 
Springer-Verlag Berlin Heidelberg NewYork 
London Paris Tokyo HongKong Barcelona 
Contents 
PART I Native Reaction Centers: Structure and Spectroscopy 
F. REISS-HUSSON, B. ARNOUX, A. DUCRUIX, M. ROTH, M. PICAUD 
and C. ASTIER : 
Reaction Center from Wild Type Y Rhodobacter sphaeroides: 
Primary Structure of the L and M Subunits; 
Carotenoid and Detergent Structures in the Three-Dimensional Crystals 3 
Q. ZHOU, T. A. MATTIOLI and B. ROBERT 
Probing Reaction Center Asymmetry Using Low Temperature 
Absorption Spectroscopy of Rhodobacter sphaeroides 
Reaction Centers Containing Bacteriopheophytin Anions 11 
A. VERMEGLIO, D. GARCIA and J. BRETON 
Cytochrome Arrangement in Reaction Centers of Different Species 
of Photosynthetic Bacteria 19 
W. MÄNTELE, M. LEONHARD, M. BAUSCHER, E. NABEDRYK, 
J. BRETON and D.A. MOSS 
Infrared Difference Spectroscopy of Electrochemicaliy Generated 
Redox States in Bacterial Reaction Centers 31 
E J . LOUS, M. HUBER, R.A. ISAACSON and G. FEHER 
EPR and ENDOR Studies of the Oxidized Primary Donor in Single 
Crystals of Reaction Centers of Rhodobacter sphaeroides R-26 45 
F. LENDZIAN, B. ENDEWARD, M. PLATO, D. BUMANN, W. LUBITZ 
and K. MÖBIUS 
ENDOR and TRIPLE Resonance Investigation of the Primary Donor 
Cation Radical PJ65 in Single Crystals of Rhodobacter sphaeroides 
R-26 Reaction Centers 57 
A. ANGERHOFER, J. GREIS, V. AUST, J.U. VON SCHÜTZ and H.C. WOLF 
Triplet State ADMR of Bacterial Reaction Centers at Low Transition 
Frequencies 69 
S. BUCHANAN and H. MICHEL 
Investigation of Quinone Reduction in RhodoPseudomonas viridis by 
FTIR Difference Spectroscopy and X-Ray Diffraction Analysis 75 
D.L. THIBODEAU, J. BRETON, C. BERTHOMIEU, K.A. BAGLEY, 
W. MÄNTELE and E. NABEDRYK 
Steady-State and Time-Resolved FTIR Spectroscopy of Quinones in 
Bacterial Reaction Centers 87 
VIII 
PART II Native Reaction Centers: Electron Transfer Dynamics 
G.J. SMALL, R. JANKOWIAK, M. SEIBERT, C.F. YOCUM and D. TANG 
Spectral Hole Burning Studies of Photosystem II Reaction Centers: 
Excited State Structure, Charge Separation and Energy Transfer Dynamics 101 
C. KIRMAIER and D. HOLTEN 
Evidence for an Inhomogeneous Distribution of Reaction Centers 
on the Timescale of the Primary Electron Transfer Events 113 
U. FINKELE, K. DRESSLER, C. LAUTERWASSER and W. ZINTH 
Analysis of Transient Absorption Data from Reaction Centers of 
Purple Bacteria 127 
K. DRESSLER, U. FINKELE, C. LAUTERWASSER, P. HAMM, 
W. HOLZAPFEL, S. BUCHANAN, W. KAISER, H. MICHEL, D. OESTERHELT, H. SCHEER, H.U. STILZ and W. ZINTH 
Similarities of the Primary Charge Separation Process in the 
Photosynthesis of Rhodobacter sphaeroides and RhodoPseudomonas viridis 135 
G.H. ATKINSON, H. HAYASHI, M. TASUMI and S. KOLACZKOWSKI 
Picosecond Resonance Raman Spectroscopy of Rhodobacter sphaeroides 
Reaction Centers 141 
S.G. BOXER, D J . LOCKHART, S. FRANZEN and S.H. HAMMES 
Electric Field Modulation of the Fluorescence Lineshape for 
Photosynthetic Reaction Centers: A New Probe of the Primary 
Electron Transfer Mechanism 147 
A. OGRODNIK, U. EBERL, R. HECKMANN, M. KAPPL, R. FEICK 
and M.E. MICHEL-BEYERLE 
One Step Electron Transfer to P+H~ in Reaction Centers of 
Rhodobacter sphaeroides Derived from Dichroic Excitation Spectra of 
Electric Field Modulated Fluorescence Yield 157 
M.G. MÜLLER, K. GRIEBENOW and A.R. HOLZWARTH 
Energy Transfer and Charge Separation Kinetics in the Reaction Center 
of Chloroflexus aurantiacus Studied by Picosecond Time-Resolved 
Fluorescence Spectroscopy 169 
R. FEICK, J.L. MARTIN, J. BRETON, M. VOLK, G. SCHEIDEL, 
T. LANGENBACHER, C. URBANO, A. OGRODNIK 
and M.E. MICHEL-BEYERLE 
Biexponential Charge Separation and Monoexponential Decay 
of P+H" in Reaction Centers of Chloroflexus aurantiacus 181 
P. SEBBAN, P. PAROT, L. BACIOU, P. MATHIS and A. VERMEGLIO 
Analog Effects of Low Temperature and Lipid Rigidity on the 
Distribution of Two Conformational States of the Reaction Centers 189 
PART III Modified Reaction Centers: Effects of Mutagenic and Chemical Modifications 
I. SINNING, J. KOEPKE and H. MICHEL 
Recent Advances in the Structure Analysis of RhodoPseudomonas 
viridis Reaction Center Mutants 199 
M.M. YANG, W.J. COLEMAN and D.C. YOUVAN 
Genetic Coding Algorithms for Engineering Membrane Proteins 209 
M. HUBER, E.J. LOUS, R.A. ISAACSON, G. FEHER, D. GAUL 
and C.C. SCHENCK 
EPR and ENDOR Studies of the Oxidized Donor in Reaction Centers 
of Rhodobacter sphaeroides Strain R-26 and two Heterodimer 
Mutants in which Histidine M202 or LI73 was Replaced by Leucine 219 
C.C. SCHENCK, D. GAUL, M. STEFFEN, S.G. BOXER, L. McDOWELL, 
C. KIRMAIER and D. HOLTEN 
Site-Directed Mutations Affecting Primary Photochemistry in 
Reaction Centers: Effects of Dissymmetry in the Special Pair 229 
W.W. PARSON, V. NAGARAJAN, D. GAUL, C.C. SCHENCK, 
Z.-T. CHU and A. WARSHEL 
Electrostatic Effects on the Speed and Directionality of Electron 
Transfer in Bacterial Reaction Centers: The Special Role 
of Tyrosine M-208 239 
K.A. GRAY, J.W. FARCHAUS, J. WACHTVEITL, J. BRETON, 
U. FINKELE, C. LAUTERWASSER, W. ZINTH and D. OESTERHELT 
The Role of Tyrosine M210 in the Initial Charge Separation in the 
Reaction Center of Rhodobacter sphaeroides 251 
H.U. STILZ, U. FINKELE, W. HOLZAPFEL, C. LAUTERWASSER, 
W. ZINTH and D. OESTERHELT 
Site-Directed Mutagenesis of Threonine M222 and Tryptophan M252 
in the Photosynthetic Reaction Center of Rhodobacter sphaeroides 265 
W.J. COLEMAN, E.J. BYLINA, W. AUMEIER, J. SIEGL, U. EBERL, 
R. HECKMANN, A. OGRODNIK, M.E. MICHEL-BEYERLE and D.C. YOUVAN 
Influence of Mutagenic Replacement of Tryptophan M250 on 
Electron Transfer Rates Involving Primary Quinone in 
Reaction Centers of Rhodobacter capsulatus 273 
S.J. ROBLES, J. BRETON and D.C. YOUVAN 
Transmembrane Helix Exchanges Between Quasi-Symmetric Subunits 
of the Photosynthetic Reaction Center 283 
J. BRETON, J.-L. MARTIN, J.-C. LAMBRY, S.J. ROBLES and D.C. YOUVAN 
Ground State and Femtosecond Transient Absorption Spectroscopy 
of a Mutant of Rhodobacter capsulatus which Lacks the 
Initial Electron Acceptor Bacteriopheophytin 293 
X 
N.W. WOODBURY, A.K. TAGUCHI, J.W. STOCKER 
and S.G. BOXER 
Preliminary Characterization of pAT-3, a Symmetry Enhanced 
Reaction Center Mutant of Rhodobacter capsulatus 303 
A. STRUCK, D. BEESE, E. CMIEL, M. FISCHER, A. MÜLLER, 
W. SCHÄFER and H. SCHEER 
Modified Bacterial Reaction Centers: 3. Chemically 
Modified Chromophores at Sites B A , BB and HA , H B 313 
K. WARNCKE and P.L. DUTTON 
Effect of Cofactor Structure on Control of Electron Transfer 
Rates at the Q A Site of the Reaction Center Protein 327 
PART IV Reaction Centers: Modelling of Structure/Function-Relationship 
A. FREIBERG and T. PULLERITS 
Energy Transfer and Trapping in Spectrally Disordered 
Photosynthetic Membranes 339 
M.R. WASIELEWSKI, G.L. GAINES, III, M.P. O'NEIL, W.A. SVEC, 
M.P. NIEMCZYK and D. M. TIEDE 
Multi-Step Electron Transfer in Rigid Photosynthetic 
Models at Low Temperature: Requirements for Charge 
Separation and Spin-Polarized Radical Ion Pair Formation 349 
P.O.J. SCHERER, W. THALLINGER and S.F. FISCHER 
Electronic Couplings for Light Induced Charge Transfer 
in Covalently Bonded Donor-Acceptor Systems 359 
J. FAJER, K.M. BARKIGIA, K.M. SMITH, E. ZHONG, 
E. GUDOWSKA-NOWAK and M.D. NEWTON 
Micro-Environmental Effects on Photosynthetic Chromophores 367 
A. SCHERZ, J.R.E. FISHER and P. BRAUN 
Simulation of the Absorption and Circular Dichroism Spectra 
for the Primary Electron Donor in Reaction Centers of 
Purple Bacteria and Photosystem II 377 
M. BIXON, J. JORTNER and M.E. MICHEL-BEYERLE 
On the Primary Charge Separation in Bacterial Photosynthesis 389 
P.O.J. SCHERER 
Multiple Excitcd States of Photosynthetic Reaction Centers 401 
J. VRIEZE and A.J. HOFF 
Exciton Band Mixing in RhodoPseudomonas viridis 409 
XI 
A.L. MORRIS, J.R. NORRIS and M.C. THURNAUER 
An Extended Model for Electron Spin Polarization in Photosynthetic 
Bacteria 423 
E.W. KNAPP and L. NILSSON 
Can Electron Transfer be Influenced by Protein Dynamics: 
The Transfer from Cytochrome C to the Special Pair in 
Photosynthetic Reaction Centers 437 
Concluding Rcmarks 
M.E. MICHEL-BEYERLE and H. SCHEER 
Beyond Native Reaction Centers 453 
Subject Index 464 
Analysis of Transient Absorption Data 
from Reaction Centers of Purple Bacteria 
U. Finkele, K. Dressler, C. Lauterwasser, and W. Zinth 
Physik Department derTechnischen Universität München, Arcisstraße 21, 
W 8 0 0 0 München, FRG 
1. Techniques of Transient Spectroscopy 
The primary reaction in photosynthetic bacteria is an ultrafast Charge 
Separation and e l e c t r o n t r a n s f e r process which proceeds on the timescale 
-12 
of 10 s. In order to understand the molecular mechanisms d i f f e r e n t 
s p e c t r o s c o p i c techniques w i t h very high time r e s o l u t i o n are used. The most 
common sp e c t r o s c o p i c method i s the s o - c a l l e d "pump and probe" technique. A 
strong e x c i t a t i o n pulse (wavelength favourable i n the lowest a b s o r p t i o n 
band of the s p e c i a l p a i r P) s t a r t s the photosynthetic r e a c t i o n which 
induces a b s o r p t i o n changes i n the sample. These changes are monitored by a 
second, p r o p e r l y delayed weak probing pulse of v a r i a b l e wavelength. The 
experiment y i e l d s the absorbance change AA as a f u n c t i o n of delay time t ^ 
and probing wavelength A ^ . This two-dimensional Information i s c u r r e n t l y 
recorded by one of the two f o l l o w i n g methods: 
i ) Measurements of AA(t^) at c e r t a i n probing wavelengths A : Here the 
experimental technique, optimized f o r a S i n g l e wavelength, allo w s very 
high time and good amplitude r e s o l u t i o n /1-5/. This S i n g l e Channel time 
dependent measurement i s w e l l s u i t e d i f the time dependence of AA i s 
unknown and i f weak k i n e t i c components are present. D i f f e r e n t records 
obtained at v a r i o u s probing wavelengths may be used to get the complete 
s p e c t r a l Information. However, the combination of these data to t r a n s i e n t 
s p e c t r a r e q u i r e s c a l i b r a t i o n of the d i f f e r e n t experiments, which may lead 
to reduced p r e c i s i o n of the s p e c t r a . In a d d i t i o n t h i s S i n g l e Channel 
method r e q u i r e s long measuring times. 
i i ) S p e c t r a l multiChannel measurements of AA(A ) at c e r t a i n delay 
times t^i This technique s u p p l i e s the whole ab s o r p t i o n spectrum at a 
s p e c i f i c delay time t ^ /3,6/. The o v e r a l l measuring time i s Short and a 
lar g e number of s p e c t r a l data p o i n t s i s obtained. However, group v e l o c i t y 
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d i s p e r s i o n i n generation and propagation of the probing l i g h t continuum 
imposes a larg e u n c e r t a i n t y f o r the a c t u a l delay time s e t t i n g and s t r o n g l y 
l i m i t a t e s the time r e s o l u t i o n . In a d d i t i o n the p r e c i s i o n of the amplitude 
determination of AA of an multichannel System does not reach the q u a l i t y 
obtained by s i n g l e - c h a n n e l d e t e c t i o n . 
2. Theorie of Transient Absorption Changes 
The recorded time and wavelength dependent data can be r e l a t e d to the 
molecular processes w i t h i n the framework of the t h e o r i e of t r a n s i e n t 
spectroscopy. A l l time constants of the primary ET are known to be longer 
than 500 f s and t h e r e f o r e they are much longer than O s z i l l a t i o n p e r i o d s of 
the r e l e v a n t molecular v i b r a t i o n s . Consequently one may assume that the 
absorption changes o r i g i n a t e from intermediates w i t h s p e c t r o s c o p i c a l l y 
w e l l defined p r o p e r t i e s . Under these c o n d i t i o n s only exponential processes 
are present and the populations of the v a r i o u s intermediates f o l l o w a rate 
equation System /5/: 
dN.(t) n 
— = - E k N ( t ) (1) 
dt j=0
 J J 
n: number of intermediate s t a t e s 
I\L(t): p o p u l a t i o n d e n s i t y of intermediate 1^ at time t 
k. .: rate constant f o r po p u l a t i o n t r a n s f e r from I . to I . 
i j J i 
The measured q u a n t i t y i s the induced a b s o r p t i o n change AA(A t ^ ) . In the 
case of weak e x c i t a t i o n , f o r short l i g h t pulses of d u r a t i o n t « 1/k. . and 
p i j 
delay times t^> 0, AA can be w r i t t e n as a sum of exponential f u n c t i o n s : 
l: pathlength i n the sample 
T . : eigenvalues of the r a t e constant matrix k. . 
J i J 
er. (A ): a b s o r p t i o n c r o s s - s e c t i o n of the intermediate I . at A 
l pr
 K
 l pr 
The matrix N. . depends on the r a t e constant matrix k. . and the i n i t i a l 
i j i j 
c o n d i t i o n s generated by the e x c i t a t i o n process. 
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The goal of the i n v e s t i g a t i o n s i s to widerstand the microscopic 
p r o p e r t i e s of the e l e c t r o n t r a n s f e r . The primary experimental r e s u l t 
concerns the number n of intermediate s t a t e s i n v o l v e d , which i s equal to 
the number of detected time constants X j . This determination r e q u i r e s a 
very c a r e f u l decomposition of the time dependence of AA(A , t ^ ) i n t o 
exponentials: 
AA(X
p r
.t
D
) »j^ V e (3) 
High p r e c i s i o n experimental data at a v a r i e t y of probing wavelengths are 
required to o b t a i n the complete set of time constants. Furthermore the 
data a n a l y s i s according to eq. (3) s u p p l i e s the amplitudes a^CA^) r e l a t e d 
to the exponential f u n c t i o n s . From eq. (2) we l e a r n that these amplitudes 
c o n t a i n Information on the d i f f e r e n c e c r o s s - s e c t i o n s p e c t r a of the 
intermediates and the i n i t i a l ground s t a t e i n a rather complex form: 
l n ( l O ) n 
cr.U ) - <r
n
(A ) = £ a. U ) (N. .) (4) 
i Pr 0 pr
 t
 ^ l pr i j 
The d i f f e r e n c e s p e c t r a can only be determined f o r a known matrix N. .. 
However, the c a l c u l a t i o n of N^j r e q u i r e s the complete r a t e constant matrix 
k^.. Experimentally we o b t a i n the decay r a t e s , i . e . the eigenvalues of 
t h i s matrix. The determination of the complete matrix from the eigenvalues 
i s not p o s s i b l e without assumptions on the r e a c t i o n scheme. The 
a p p l i c a b i l i t y of an assumed r e a c t i o n scheme can only be t e s t e d by i t s 
success: Do the s p e c t r a f i t the assumed r e a c t i o n model or e x i s t i n t r i n s i c 
c o n t r a d i c t i o n s ? 
3. A n a l y s i s of the Experimental Data 
As shown before the f i r s t step of data a n a l y s i s i s the determination of 
the number of intermediates, i . e . the number of exponentials needed to f i t 
the absorbance data at a l l probing wavelengths. As an example F i g . l shows 
the time dependence of the absorbance change f o r RC's from 
Rhodobacter sphaeroides (A = 785nm). In t h i s curve an i n i t i a l 
pr 
absorbance increase i s f o l l o w e d by a r a p i d a b s o r p t i o n decrease c l o s e to 
t
ß
= l p s . In the time ränge t^= 2ps - lOps the a b s o r p t i o n r i s e s again. 
Combining F i g . 1 w i t h a number of other s i g n a l curves we found a set of 
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0 1 10 100 
Delay Time [ps] 
F i g . 1 K i n e t i c s of a b s o r p t i o n c h a n g e s at t h e p r o b i n g w a v e l e n g t h X = 7 8 5 nm 
f o r Rb. s p h a e r o i d e s . T h e f i l l e d c i r c l e s r e p r e s e n t t h e e x p e r i m e n t a l d a t a , 
t h e s o l i d c u r v e c o r r e s p o n d s to a m o d e l c a l c u l a t i o n w i t h d e c a y t i m e s g i v e n 
in t h e t e x t . F o r d e l a y t i m e s > 1 p s t h e l i n e a r t i m e s c a l e i s r e p l a c e d by a 
l o g a r i t h m i c s c a l e . T h e e x c i t a t i o n w a v e l e n g t h i s ^
e x
=
 ^ 6 0 nm. 
four time constants ( T J
=
 0.9ps, x = 3.5ps, x^= 220ps, x^= ») e x p l a i n i n g 
the experimental data /5/. While the e x i s t e n c e of three time constants 
(x^ X ^ and x^) i s unchallenged one may t r y to q u e s t i o n the need of two 
short time constants. Data at v a r i o u s probing wavelengths (e.g. F i g . 1) 
prove that both (x^ and x^) are necessary : In F i g . 1 the absorbance 
decease at t^= lps and the absorbance increase at t^= 3ps - lOps cannot be 
explained by using only one time constant. This demonstrates that q u i t e 
accurate a b s o r p t i o n data measured over a wide ränge of delay times are 
required to r e v e a l the e x i s t e n c e of two short time constants. The reduced 
accuracy and the o f t e n l i m i t e d number of delay time s e t t i n g s i n t r a n s i e n t 
multichannel experiments may prevent d e t e c t i o n of weak components. As an 
example we show i n F i g . 2 t r a n s i e n t spectra AA(A^
r
) f o r delay-times t ^ of 
200fs, l p s , 5ps, lOps and 500ps. They were c a l c u l a t e d from a s e r i e s of 
time dependent absorption measurements at v a r i o u s probing wavelenths. Even 
i n t h i s case where the d a t a - p r e c i s i o n was high enough to r e s o l v e the 
0 . 9 p s - k i n e t i c i n the time courses (see F i g . 1), i t i s n e a r l y impossible to 
o b t a i n even an i n d i c a t i o n f o r the short k i n e t i c i n the t r a n s i e n t s p e c t r a . 
The mixture of the v a r i o u s intermediates l e a d i n g to complex s p e c t r a l 
changes hide the weak 0.9ps-component. 
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200 fs 
F i g . 2 T r a n s i e n t s p e c t r a f o r d e l a y t i m e s of 2 0 0 f s , 1 p s , 5 p s , 10 p s a n d 
5 0 0 p s . T h e s p e c t r a a r e c a l c u l a t e d f r o m k i n e t i c t r a c e s t a k e n at a b o u t 
t w e n t y d i f f e r e n t p r o b i n g w a v e l e n g t h s . 
4. D i f f e r e n t Reaction Models 
The most s t r a i g t h f o r w a r d r e a c t i o n model c o n t a i n i n g four intermediates i s 
the l i n e a r s e q u e n t i a l one. In t h i s case each measured time constant g i v e s 
d i r e c t l y the decay time of one intermediate. Thus only the order of the 
intermediates i n the r e a c t i o n scheme r e q u i r e s f u r t h e r i n f o r m a t i o n s . We 
have discussed the two p o s s i b l e arrangements of the 0.9ps- and the 
3 . 5 p s - k i n e t i c as w e l l as a branched r e a c t i o n scheme elsewhere /6,7/. Here 
we present the s p e c i f i c case where the 3 . 5 p s - k i n e t i c precedes the 
0 . 9 p s - k i n e t i c . The main purpose i s to show that the a b s o r p t i o n data can 
r e a l l y decide between a scheme wit h four intermediate s t a t e s of w e l l 
defined time constants (model I) and one w i t h only three intermediates 
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(model I I ) . The same number of f r e e parameters i s used i n both models 
si n c e i n model I the decay of intermediate 1^ i s d e s c r i b e d by a 
d i s t r i b u t i o n of time constants w i t h a given width Ax^. Such a d i s t r i b u t i o n 
may be caused by a sample inhomogeniety. 
hi> 
-> I -> I. 1 ' *2 3 A 
3.5ps 0.9ps 220ps 
(I) 
( I I ) 
A dependence of the a b s o r p t i o n c r o s s - s e c t i o n s on the inhomogeniety would 
s t r o n g l y complicate the microscopic nature of the r e a c t i o n and i s not 
discussed here. A s u i t a b l e d i s t r i b u t i o n of time constants 8^
T
^^
 m a v 
r e a d i l y f i t a b i e x p o n e n t i a l behaviour of a s i g n a l curve at e a r l y delay 
times i f the amplitudes of both exponentials have the same s i g n . However, 
the s i g n a l curve i n Fig.1 e x h i b i t s a l o c a l extremum between 100 f s and 
10 ps. I t i s not p o s s i b l e to reproduce t h i s extremum by a d i s t r i b u t i o n of 
time constants g(x^) which by d e f i n i t i o n does not change i t s s i g n . As a 
consequence one has to employ model 1 which i s able to f i t the data q u i t e 
w e l l ( s o l i d l i n e i n F i g . 1). 
5. Spectra of the Intermediates and Transient Absorption Spectra 
The DIFFERENCE CROSS-SECTION SPECTRA are due to the a b s o r p t i o n d i f f e r e n c e 
of the r e s p e c t i v e intermediates and the unexcited ground-state RC. Note 
that the s p e c t r a are c a l c u l a t e d from t r a n s i e n t a b s o r p t i o n data according 
r e a c t i o n model I. In F i g . 3 the f e a t u r e s of the r e s p e c t i v e intermediates 
show up. For example the spectrum of I shows a l l f e a t u r e s expected f o r an 
+ -
 z 
intermediate P B where one monomeric b a c t e r i o c h l o r o p h y l l i s reduced. The 
spectrum of 1^ shows the p r o p e r t i e s of intermediate P
+
H^ w i t h the anion 
a b s o r p t i o n band of the pheophythin H around 665 nm. 
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F i g . 3 D i f f e r e n c e s p e c t r a of t h e c r o s s - s e c t i o n s (<r r- <TQ) of t h e f o u r 
i n t e r m e d i a t e s I . (er.) r e l a t i v e to t h e c r o s s - s e c t i o n of t h e u n e x c i t e d 
1 I 
g r o u n d s t a t e (VQ)-
 T n e
 s p e c t r a a r e c a l c u l a t e d f r o m t h e a m p l i t u d e s of a 
s e r i e s of s i g n a l c o u r s e s a s s u m i n g m o d e l I . 
One should now compare these DIFFERENCE CROSS-SECTION SPECTRA of the 
re s p e c t i v e intermediates CFig.3) w i t h the TRANSIENT ADSORPTION SPECTRA of 
F i g . 2, which r e f l e c t the a c t u a l absorption of the sample at a c e r t a i n 
delay time t
ß
 a f t e r e x c i t a t i o n . According to eq. (2) the TRANSIENT ADSORP-
TION SPECTRA do not characterize the Single intermediates, but show a mix-
ture of the absorption properties of the intermediates populated at the 
s p e c i f i c delay time t ^ . As a consequence the mixture of s t a t e s may hide a 
weakly populated i n t e r m e d i a t e , e s p e c i a l l y i f the abs o r p t i o n of t h i s i n t e r -
mediate overlaps w i t h the bands of other intermediates populated at the 
same time. 
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In c o n c l u s i o n we have discussed s e v e r a l aspects of t r a n s i e n t a b s o r p t i o n 
spectroscopy r e l a t e d to the complicated case where s e v e r a l intermediate 
s t a t e s w i t h s i m i l a r time constants occur and where the r e a c t i o n model i s 
not known i n advance. We have shown f o r the primary e l e c t r o n t r a n s f e r of 
the RC's from Rhodobacter sphaeroides that f o u r time constants and four 
intermediate s t a t e s are r e q u i r e d to e x p l a i n the t r a n s i e n t a b s o r p t i o n data. 
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